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In so-called jeff = 1/2 systems, including some iridates and ruthenates, the coherent superposition
of t2g orbitals in the ground state gives rise to hopping processes that strongly depend on the bond
geometry. Resonant inelastic x-ray scattering (RIXS) measurements on CaIrO3 reveal a prototypical
jeff = 1/2 pseudospinon continuum, a hallmark of one-dimensional (1D) magnetic systems despite its
three-dimensional crystal structure. The experimental spectra compare very well to the calculated
magnetic dynamical structure factor of weakly coupled spin-1/2 chains. We attribute the onset of
such quasi-1D magnetism to the fundamental difference in the magnetic interactions between the
jeff = 1/2 pseudospins along the corner- and edge-sharing bonds in CaIrO3.
I. INTRODUCTION
Spin-orbit-induced Mott insulators, including iridium
oxides (iridates) and RuCl3, host a large variety of physi-
cal properties, whose microscopic origin is intrinsic to the
nature of the jeff = 1/2 ground state and of the interac-
tions it gives rise to [1–4]. Electronic interactions in insu-
lating systems originate from virtual hopping processes,
possibly through the ligands and, depending on the bond
geometry, multiple hopping paths may exist. This possi-
bility is enhanced in iridates, where the jeff = 1/2 elec-
tronic wave function arises from a coherent superposition
of all t2g orbitals with mixed phases and spin compo-
nents. As a consequence, magnetic interactions in corner-
, edge-, or face-sharing octahedral iridates are drastically
different [5–9].
Corner-sharing layered-perovskite iridates bear
isotropic Heisenberg-like antiferromagnetic (AFM) ex-
change interactions between jeff = 1/2 pseudospins, with
a small symmetric anisotropic contribution [5]. Indeed,
materials featuring corner-sharing IrO6 octahedra on
a quasi-two-dimensional (2D) square lattice, including
Sr2IrO4 [2, 10–12], Sr3Ir2O7 [13–16] and Ba2IrO4
[17, 18], display magnetic properties reminiscent of
cuprates [19–27] and attracted the interest of the sci-
entific community – even more so when unconventional
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superconductivity was predicted in such iridates [28–31].
Distortions of the ideal bond geometry affect both the
nature and strength of the exchange interactions. For
example, if the corner-sharing bond lacks inversion
symmetry, an antisymmetric exchange anisotropy is
allowed; Dzyaloshinski-Moriya interaction sets in and
induces a finite canting of the magnetic moments away
from the perfectly collinear structure, thus giving rise to
weak ferromagnetism in Sr2IrO4 [2, 12].
For edge-sharing IrO6 octahedra, instead, the hopping
paths via the two bridging oxygens interfere in a de-
structive manner and can cause the cancellation of the
isotropic exchange interaction [5]. As a result, a weak
Ising-like anisotropic interaction dominates, which gives
rise to Kitaev-like spin-spin exchange [9, 32, 33]. Particu-
larly interesting are materials composed of edge-sharing
IrO6 octahedra on a honeycomb (Na2IrO3 [32, 34–36],
α-Li2IrO3 [35]), hyper- (β-Li2IrO3 [37]) and stripy- (γ-
Li2IrO3 [38]) honeycomb structure as they sustain Ki-
taev frustration and are therefore candidates for uncon-
ventional quantum ground states and excitations such
as spin liquid ground states that can harbour Majo-
rana fermions [9, 33, 39]. However, the Kitaev inter-
action is usually not very strong and other magnetic
couplings, otherwise irrelevant, can induce long-range
magnetically-ordered phases [40–44]. Face-sharing iri-
dates, on the other hand, are not yet fully explored, but
allow for intriguing properties. For example, iridates fea-
turing Ir2O9 bioctahedra on a triangular lattice, includ-
ing Ba3(Ti,Zr,Ce,Pr,Tb)Ir2O9 [45, 46], show excessively
small values of the effective magnetic moments possibly
due to covalency effects [7, 8, 47].
The various types of interactions on the bond ge-
ometries described above are characterized by very dis-
tinct energy scales: the Kitaev interaction in edge-
sharing systems is about an order of magnitude smaller
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FIG. 1. Crystal and magnetic structure of CaIrO3. Ir ions
(grey spheres) are surrounded by octahedra of O ions (red
spheres) sharing an edge and a corner along the a and c axes,
respectively. Layers of Ca ions (green spheres) separate the
ac planes. jeff = 1/2 pseudospins are displayed as orange
arrows.
than the Heisenberg exchange in corner-sharing systems.
However, material-dependent properties could also af-
fect the origin and magnitude of the superexchange,
as discussed above. Thus, we here consider the post-
perovskite CaIrO3, whose crystal structure features both
edge-sharing IrO6 octahedra along the a axis and corner-
sharing octahedra along the orthogonal c direction (see
Fig. 1). Even if the crystal structure is quasi 2D, with
IrO planes separated by Ca spacers, we find evidence
of quasi 1D magnetic dynamics. By means of resonant
inelastic x-ray scattering (RIXS), we observe the disper-
sion of pseudospinons in a jeff = 1/2 spin-orbit Mott
insulator for the first time. The reduced dimensionality
is strictly related to the nature of the jeff = 1/2 ground
state on the bond geometries and not guaranteed by crys-
tallography alone. Our results are in agreement with the
proposed striped AFM order [48] and theoretical predic-
tions by ab initio quantum chemical calculations [49].
Our findings provide a new direction to tailor the mag-
netic properties of jeff = 1/2 systems while pertaining a
higher-dimensional lattice.
II. EXPERIMENTAL DETAILS
Single crystals of CaIrO3 were grown using the flux
method described in Ref. 48. Crystals have a needle
shape with length of ∼ 1 mm and diameter of ∼ 0.1 mm.
CaIrO3 grows in the post-pervoskite crystal structure
(space group Cmcm), with lattice parameters a = 3.147
A˚, b = 9.863 A˚ and c = 7.299 A˚ [50, 51]. IrO6 octa-
hedra share an edge along the a direction and a corner
along the c direction (Fig. 1). Below the Ne´el tempera-
ture TN ≈ 110 K [50–53], jeff = 1/2 pseudospins order
in a striped magnetic structure: magnetic moments are
mostly aligned parallel to the c axis and are ferromag-
netically (antiferromagnetically) coupled along the a (c)
direction [48], as shown in Fig. 1.
Iridium L3 edge (∼ 11.22 keV) RIXS measurements
were performed at the inelastic X-ray scattering beamline
ID20 of ESRF – The European Synchrotron (Grenoble,
France) [54, 55]. The incident beam was monochromated
using a Si(844) back-scattering channel-cut crystal. The
spectrometer is based on the Rowland circle geometry
and is equipped with a single R = 1 m Si(844) diced crys-
tal analyzer and a two-dimensional Maxipix detector [56].
A mask with circular aperture of 30 mm was installed in
front of the analyzer to improve the momentum resolu-
tion. The overall energy and momentum resolutions were
35 meV (full width at half maximum) and approximately
0.2 A˚−1, respectively. The sample was cooled by means
of a cryostat using He as exchange gas [57].
III. RESULTS AND DISCUSSION
The RIXS response of CaIrO3 has been discussed by
Moretti Sala et al. [58], who investigated the excita-
tions at energy losses above 0.4 eV and ascribed those to
electronic transitions within the t2g manifold. In agree-
ment with quantum chemical calculations [49, 59, 60],
the analysis of RIXS data based on a single-ion model
[1, 61, 62] shows that the ground state of CaIrO3 departs
from the ideal jeff = 1/2 wave function, with the single
hole unequally distributed among the t2g orbitals [58].
In particular, it was found that the hole has predomi-
nant (|dyz,±〉 ∓ i|dxz,±〉)/
√
2 character [58]. A priori,
this might have implications on the bond-geometry de-
pendence of the magnetic interactions; however, we note
that the exchange processes in CaIrO3 mostly involve the
Ir dyz and dxz orbitals in both bond geometries and, since
the phase and relative occupancies of these states are pre-
served, the nature of the dominant exchange interactions
should be unaffected. We note that the hopping involv-
ing the eg states can be safely neglected due to the large
cubic crystal field (typically ∼ 3 eV in iridates [63]).
We here focus on the spectral features at energy losses
below 0.4 eV and on their momentum dependence. RIXS
measurements along high-symmetry directions in recip-
rocal space were taken at 40 K and are shown in Fig. 2(a),
(b) and (c). We first note that an excitation continuum
extending up to ∼ 0.3 eV appears in all high-symmetry
directions and that it looks “gapped” everywhere in re-
ciprocal space. The continuum behaves very differently
in the three orthogonal directions. Specifically, along the
H (edge-sharing) [Fig. 2(a)] and K [Fig. 2(b)] directions,
the energy of the main peak is minimum and shows little
and no momentum dependence, respectively. On the op-
posite, along the L (corner-sharing) direction [Fig. 2(c)],
the RIXS spectra show a pronounced momentum depen-
dence and the dispersion of the continuum is character-
ized by a double-arched shape: the low-energy bound-
ary has a periodicity of 1 r.l.u., while the high energy
envelope has double periodicity. We note immediately
that the magnetic excitations of CaIrO3 are markedly
distinct from the ones of other layered iridates such as
3FIG. 2. RIXS intensity maps of CaIrO3 measured at 40 K as a function of momentum transfer along the H (a), K (b), and L
(c) high-symmetry directions of the reciprocal lattice. Panels (d), (e) and (f) display the magnetic dynamical structure factor
of weakly coupled S = 1/2 chains computed for Jc = 98 meV and Ja = −4.4 meV.
Sr2IrO4 [19], Sr3Ir2O7 [14, 64] and Na2IrO3 [32]. In-
stead, the momentum dependence of RIXS spectra ob-
served in Fig. 2(c) is reminiscent of the dynamics of 1D
AFM S = 1/2 chains [65–75]. In these systems, mag-
netic excitations are quasiparticles called spinons [65]: in
a simple picture, spinons are domain walls that separate
two degenerate regions of 1D AFM chains with out-of-
phase spin order; they are created in pairs when a spin
is excited within the chain. Since the two spinons can
freely propagate along the chain with no energy cost, the
S = 1 excitation dissociates into two independent entities
carrying S = 1/2 each. This process, called fractional-
ization, is a hallmark of 1D AFM S = 1/2 chains. In
the non-interacting picture, a two-spinon excitation can
be considered as the excitation of two, independent sin-
gle spinons, giving rise to the peculiar energy-momentum
continuum [65]. Based on the similarity between the
two-spinon continuum and the excitation spectrum of
CaIrO3, we assign the latter to magnetic excitations of
1D AFM chains. In the case of CaIrO3, precautions
should be taken because the magnetic moments are not
S = 1/2 spins, but pseudospins that carry orbital angular
momentum apart from the spin one. However, Fig. 2(c)
is an unmistakable signature of the quasi-1D nature of
the magnetic excitations of CaIrO3 and, as shown be-
low, provides the first experimental evidence of fraction-
alization of pseudospinons in a spin-orbit Mott insulator.
CaIrO3 is also one of the very few compounds exhibit-
ing fractionalization that are not based on 3d transition
metals.
In order to verify the above hypothesis and quantify
the strength of the magnetic couplings in CaIrO3, we
compare our RIXS results to the calculated magnetic dy-
namical structure factor S(Q, ω). We first consider the
magnetic dynamical structure factor S1D(qz, ω) of a 1D
AFM S = 1/2 chain with isotropic magnetic coupling
Jc > 0, where qz = 2piL/c is the momentum transfer
along the chain direction: it was derived by Mu¨ller et
al. [76] and is characterized by a gapless double-arched
excitation continuum, without momentum dependence
perpendicular to the chain. However, the weak dispersion
along the H direction shown in Fig. 2(a) suggests that
a minimal model aiming at describing CaIrO3 should in-
clude a magnetic coupling perpendicular to the chain di-
rection Ja, which we assume to be isotropic for simplicity
and negative to account for the FM alignment of the mag-
netic moments along the a direction [48]. Within the ran-
dom phase approximation [77], the relation between the
magnetic susceptibility of weakly coupled chains χ(Q, ω)
and that of a 1D S = 1/2 chain χ1D(qz, ω) is [77–79]:
χ(Q, ω) =
χ1D(qz, ω)
1− 2Ja cos(qx)χ1D(qz, ω) , (1)
where qx = 2piH/a is the momentum transfer perpen-
dicular to the chain direction. The magnetic dynami-
cal structure factor is related to the imaginary part of
the magnetic susceptibility: S(Q, ω) = −χ′′(Q, ω). A
similar relationship holds for S1D(qz, ω) and χ
′′
1D(qz, ω).
This approach has been extensively used to simulate the
magnetic dynamical structure factor of systems charac-
terized by weakly coupled magnetic chains as measured
by inelastic neutron scattering [80–82].
Before any comparison to the experimental results is
made, the calculated S(Q, ω) should be broadened by
the finite energy and momentum resolutions. The latter
is determined by the analyzer surface and depends on the
scattering geometry, as detailed in Ref. 55. The effect of a
finite momentum resolution is critical near the Brillouin
zone center (qz = 0) and close to the zone boundaries
4FIG. 3. Calculations of the magnetic peak position from
S(Q, ω) as a function of Ja and Jc for (a) Q = (0, 3, 9) r.l.u.,
(b) Q = (0.5, 2, 9) r.l.u. and (c) Q = (0, 3, 8.5) r.l.u.. The ex-
perimental peak position falls within the domains represented
by white lines. The intersection of these three domains is en-
closed by red circles. (d), (e) and (f) show the comparison
between RIXS spectra (red) and S(Q, ω) (blue solid lines)
calculated for the optimal values Jc = 98 meV and Ja = −4.4
meV.
(qz = ±pi), where the dispersion of magnetic excitations
is the steepest: indeed, it seems to artificially open a gap
in the magnetic excitations spectrum, which, for a system
of S = 1/2 spins interacting through isotropic couplings
only, is gapless [66, 69].
In Fig. 3(a), (b) and (c), we extracted the energies
of the magnetic peak from the calculated S(Q, ω) as a
function of Ja and Jc for three representative transferred
momenta; white contour lines correspond to the mag-
netic peak position as determined by RIXS, i.e. 45 ± 3
meV at Q = (0, 3, 9) r.l.u., 18± 1 meV at Q = (0.5, 2, 9)
r.l.u. and 170 ± 5 meV at Q = (0, 3, 8.5) r.l.u.. The
intersection of these domains is a very small region of
the {Ja, Jc} parameter space enclosed by the red solid
line. In particular, the best fit to the data is obtained
for Ja = −4.4 meV and Jc = 98 meV. The magni-
tudes of the magnetic couplings beautifully confirm the
predictions of quantum chemical calculations [49]. The
magnetic dynamical structure factors capture the corre-
sponding RIXS spectra, as shown in Fig. 3(d), (e) and
(f). We note that the magnetic excitations measured at
Q = (0, 3, 8.5) r.l.u. are broader than the corresponding
dynamical structure factor (Fig. 3(f)). This is surpris-
ing given the excellent agreement at other momenta and
FIG. 4. (a) RIXS intensity map as a function of tempera-
ture at Q = (1, 2, 9) r.l.u. showing the strong maximum of
the quasielastic signal at the Ne´el temperature (dashed line).
(b) Temperature dependence of the quasielastic region of the
RIXS spectra (blue open circles) obtained by integrating the
RIXS signal in the energy window of ±20 meV, represented
by the red vertical bar in panel (a). The red solid line is
the imaginary part of the quasi-static magnetic susceptibility,
reported from Refs. 52 and 53.
will be the subject of further investigation. The full mo-
mentum dependence of the calculated S(Q, ω) along the
orthogonal H, K and L directions in reciprocal space is
compared to the RIXS spectra in Fig. 2: the magnetic dy-
namical structure factor of weakly coupled (|Ja|  Jc)
1D AFM S = 1/2 chains satisfactorily reproduces the
main features observed in our experimental results.
Before concluding, we report in Figure 4(a) the tem-
perature dependence of RIXS spectra at momentum
transfer Q = (1, 2, 9) r.l.u.. The two-spinon continuum
is present at all temperatures. At high temperature, the
spectra are characterized by a barely visible elastic line.
When the sample is cooled down, the elastic peak in-
tensity increases with a maximum at the magnetic phase
transition and then decreases to complete suppression be-
low 70 K. The trend of the elastic line is captured by
the blue circles plotted in Fig. 4(b), which reports the
temperature dependence of the RIXS signal integrated
over an energy window of ±20 meV centered around zero
energy loss, highlighted as a red rectangle in Fig. 4(a).
Its resemblance with the temperature dependence of the
imaginary part of the quasi-static magnetic susceptibility
(red solid line) [52, 53] suggests that also the elastic peak
contains contributions from magnetic fluctuations. These
are characterized by very small magnetic couplings and
their temperature evolution catches the transition from
the paramagnetic to the (3D) long-range AFM ordered
phase, although Q = (1, 2, 9) r.l.u. does not correspond
to a magnetic Bragg peak.
For the sake of completeness, we address two main
limitations of our approach: i) higher-order spinon ex-
5citations may give a minor contribution to the magnetic
signal [69], but are neglected in our calculations for sim-
plicity because the core-hole lifetime at the Ir L3 edge is
very small; ii) in the calculation of the magnetic dynami-
cal structure factor, we considered two isotropic magnetic
couplings only. However, the C2h and C2v point group
symmetry of the edge- and corner-sharing bonds allows
for symmetric [5, 6] and antisymmetric (Dzyaloshinski-
iMoriya) [83] anisotropic interactions along the a and c
directions, respectively. The latter is responsible for the
canting of the magnetic moments observed in CaIrO3
[48], while the former possibly includes the Kitaev inter-
action. Unfortunately, a precise determination of all ex-
change parameters of CaIrO3, especially very small ones,
is not possible at the present stage. However, one can say
that the anisotropic Kitaev interaction across the edge-
sharing direction is much smaller than the Heisenberg
interaction along the corner-sharing bond, which is con-
sistent with Jackeli and Khaliullin’s argument [5].
IV. CONCLUSIONS
To summarize, we investigated the magnetic dynam-
ics of CaIrO3 by means of RIXS and found strong evi-
dence for quasi-1D magnetic behavior. Specifically, we
interpreted the momentum dependence of the magnetic
dynamics as due to jeff = 1/2 pseudospinon excitations.
Theoretical calculations of the magnetic dynamical struc-
ture factor of weakly coupled AFM chains adequately re-
produce the experimental observations. Our results pro-
vide the first evidence of a pseudospinon continuum in
spin-orbit Mott insulators. Our findings are consistent
with the prediction of a strong bond-dependence of the
magnetic couplings in iridates [5, 6], which lowers the ef-
fective dimensionality of magnetism in CaIrO3 and pro-
vides a strategy to engineer the magnetic properties of
jeff = 1/2 materials within their higher-dimensional lat-
tice.
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